Spinal cord injury (SCI) is one of the most serious clinical diseases, which not only affects the patient's physical and mental status, but its effects will be spread to family and community. After severe spinal cord injury, astrocytes of the central nervous system (CNS) become reactive astrocytes, and play the main role of glial scar formation. The scar is a major obstacle to regeneration of axons in the spinal cord. However, the studies have found that over time, a spontaneous partial motor recovery is observed in animals with injury without intervention. Thus, in this study, the recovery of animals with spinal cord injury was assessed after 12 weeks. Materials and methods: In this study, 12 adult male Wistar rats weighing approximately 265±15gr were used to assess spinal cord injury and randomly divided into 3 groups: normal control (n = 3), sham (n = 3), injury (n = 6). Healthy animals in the normal control group received no laminectomy or injury, and laminectomy with or without contusion model using weight drop in segment T10 of spinal cord were carried out in injury and sham groups, respectively. Locomotor function of animals in all groups were evaluated by BBB test at the first 48 hours per day and then weekly for 12 weeks. Results: Comparison of the results of motor evaluation from the second week to the twelfth week of the group with injury without treatment showed a relative functional recovery as the BBB score of animals from 1.4 in the second week after the injury reached to 6.5 in the twelfth week.
Introduction
Spinal cord injury (SCI) is one of the most serious clinical diseases, which not only affects the patient's physical and mental status, but its effects will be spread to family and community. Although deaths from this injury has been reduced to less than 5% but importantly, the main victims of this injury are healthy young people suffering from a long-term disability (1) . Complications of spinal cord injury include complete (or partial) cease of sensation below the affected area, which leads to an inability to walk, involuntary discharge of bladder and bowel and infertility (2) . However, as the injury is at the higher area or more severe, complication is even broader and causes more limitation (such as complete paraplegia) for individual (2) . Other complications of the injury include increased muscle spasms, autonomic dysreflexia and cavity development in injured area called Syringomyelia (2) . The disability is not limited to this level, the long-term complications include secondary problems and disabilities such as bed sore, infection of urinary and respiratory tracts, kidney failure, osteoporosis, etc. Thus, it imposes many physical costs and psychological stress on the family and society (3). There is a wide variety of SCI models in rodents including: transection, hemisection, resection and aspiration (4) . Contusion, due to vertebral fracture during mechanical events which causes a severe blow to the spinal cord, is the most common clinical model in humans, covering about 40% of patients with spinal cord injury, as a result, it is the most commonly used animal model for the study of SCI (5) . The primary damages are mechanical and cause central hemorrhage and necrosis in the gray matter, loss of afferent and efferent fibers of white matter or less the cell destruction and death (6) . Biological damage is followed by mechanical damage. Neurodegeneration, free radical production, myelin sheath deletion, an increase in glutamate concentration, decreased levels of cAMP, apoptotic death and glial scarring are biological signs that may persist for months and lead to further destruction and exacerbated injury (2, 7) . Starting with the biological response, cytokines are secreted and inflammation is caused. Schwann cells with neutrophils, lymphocytes and macrophages travel to the site of the injury in a short time, and their anti-inflammatory and cytotoxic activity lead to injury development and create secondary injuries (8) .
It was recently shown that some stem cells and progenitor cells present in ependymal canal may be recalled and recover damage with increased proliferation (9) . However, the cell proliferation may not always lead to the restoration of spinal cord function and sometimes only fills the cavity (7) . Mothe and Tator (2005) stated that type of cells stimulated in response to injury is different depending on the model of injury. In the transection model of the spinal cord responses of stem/progenitor cells are locally limited to the area of the injury, while in contusion and compression models the responses of these cells are systemic mitotic responses that can be seen throughout the rostrocaudal part of spinal cord, the broader response is probably because larger areas of spinal cord tissue are affected in the area of the injury (10) . All three models of injury increase the proliferation of ependymal cells but there is a significant proliferation in lateral parts of spinal cord only in contusion and compression models (11) . Damaged axons in the spinal cord have the ability of repair and regeneration to some extent. But the maximum growth of axons is about a millimeter and this recovery is not enough to have satisfactory functional outcome and recovery (8, 9) . Many factors are involved in partial repair and regeneration after SCI, including the lack of growth factors, inherent weak capacity of neurons in CNS for regeneration (12) , chemical repellent molecules (13) , inhibitors associated with proteoglycan glial scar such as chondroitin sulfate proteoglicans (CSPGs) or myelinassociated protein (MAP) (14) . After severe damage, astrocytes are the most abundant glial cells in the central nervous system becoming reactive astrocytes and thus constituting a major component of glial scar developing a major obstacle to the restoration of axons in the spinal cord. Chondroitin sulfate proteoglicans secreted by reactive astrocytes are as the main components of axonal inhibitor in the extracellular matrix (ECM) (15) . The primary components of the glial scar are the remains of myelin and oligodendrocytes then activation and migration of microglia occur (48h) which is accompanied by invasion of other blood-derived macrophages (16) . Scar plays an important role by confining and surrounding the site of the injury and separating it from healthy tissue as well as giving an end to inflammatory reactions at the site of the injury, through the confinement of the injury site, on the other hand, glial scar inhibits the growth of axonal sprouts (17) . In the review of previous studies, relative functional recovery was observed in animals with injury that did not receive any treatments including the study by Verdu et al in 2003 on the spinal injury showed that BBB scores in injured group without intervention had relative motor functional recovery (18) . The study by Garcia-Alias et al (2004), also represented the spontaneous regeneration without intervention in the group of spinal cord injury of photochemical type (19) . Richter et al, 2005 in a study on SCI of posterior funiculus scratch type also expressed a limited regeneration in the group of injury without intervention (20) . Therefore, this hypothesis was strengthened that in the rat's model of spinal cord injury without treatment a relative functional recovery occurs, therefore, in this study to determine the recovery achieved, motor function of animals with SCI were studied over a period of 12 weeks after the injury. In order to assess the motor function of animals, BBB (Basso, Beattie and Bresnahan) test was used (21) . It was evaluated on a daily basis in the first 48 hours after the injury and then on a weekly basis until the end of the study.
Materials and methods
Dividing groups: In this study, 12 male Wistar rats weighing approximately 265±15 gr were used. The animals were randomly divided into three groups: -Normal control group (n = 3) healthy animals (without laminectomy or injury) -sham group (n = 3) only laminectomy was performed -injury group (n = 6) laminectomy + throwing a ten-gram weight from a height of 25 mm Spinal cord injury: Contusion model of SCI in animals was produced as previously described with slight modification (22) . After anesthesia, using a mixture of ketamine / xylazine (60/6 mg / kg), shaving the hair at the back of the animal and disinfecting the site, an incision was created at the midline, muscles and lamina of the T9 vertebra were removed without damaging dura mater and then throwing a ten-gram weight from a height of 25mm on the spinal cord, contusion model was created at T10 segment (Figure 1 ). After the injury, muscles and skin of the site were sutured, in order to prevent dehydration, 10 mg of Ringer's solution was injected intraperitoneally to the animal. Cefazolin (10 mg / kg) was also injected until two days after surgery. Bladder emptying was performed twice a day until establishing a urinary reflex. After the creation of injury and consciousness of the animals, BBB motor test was performed for two days, and animals that have BBB score higher than three 48h after injury were excluded from the study. And animals with a score of less than three were assessed until the end of the study (twelve weeks).
Functional assessment by BBB motor test:
In order to assess the motor function of the animals, BBB (Basso, Bregnahan and Beattie) test was used (21) . In this test, scores of zero and 21 mean lack of motion and normal motion of the animal, respectively . Animals with a score of 3 or higher in the first 48 hours after injury were excluded from the behavioral study and animals with a score of less than 3 were selected for the rest of the study. The test was carried out on all animals within 48 hours after the injury on a daily basis and then on a weekly basis (once a week) for a period of twelve weeks by two individuals separately and the final score was reported as an average of the given scores .
Statistical analysis
Statistical analysis was performed using the Minitab 16 statistical software. Data was reported as mean ± SD at significance level of P<0.05. Differences between the groups were reported significant when P<0.05. Comparisons between groups using one-way ANOVA with the significance level of P <0.05 was performed.
Results
Comparing the BBB test results between the groups throughout the study indicate a significant difference between the normal control and sham groups with the injury group (P<0.05) (Figure 2 ). Comparing the motor test results of normal control and sham-operated groups from the beginning to the end of the study (twelve weeks) showed no significant difference (P>0.05), which indicates that laminectomy alone does not impair motor function in animals. However, there is a significant difference between both normal control and sham groups with injury group (P<0.05) ( Figure 2) . As the figure 2 shows in the group with injury at the end of the second week to the fifth week of the study a motor recovery has been observed with a slow trend and the amount increased at a faster rate after the fifth week until the end of the study, so that by the end of the study (week 12) motor score of the animals of the group with injury reached 6.5 that represents a spontaneous relative recovery in animal without the intervention. Figure 2 . Functional recovery assessment of animals in the groups studied until the end of the 12th week. Results are shown as mean ± SD and statistically significant difference has been expressed in the level of P<0.05. As the graph shows a relative functional recovery observes as the motor test score of animals from 1.4 in the second week after the injury reached to 6.5 in the twelfth week.
Discussion
In the present study, the spinal cord injury of severe contusion type at T10 spinal cord segment was created and then motor function was evaluated for twelve weeks without any medical intervention and the results showed that over time a relative recovery in the movement of animals may be achieved. At the end of the study that was performed by Verdu et al in 2003 on spinal cord injury of photochemical type (halogen lamp shining on the exposed spinal cord for 2.5 minutes), BBB scores of the injury group without intervention in the first week was 11 and from the second week to the end of the third month (twelve weeks) was 18 (18) . Also in a study by Garcia-Alias et al (2004) on acute photochemical spinal injury (30 minutes after the injury) it was shown that the BBB score of the injury without the intervention group at the end of the first week and at the end of study (the week twelve) was 11 and 15, respectively (19) . However, in our study the BBB scores at the end of week twelve was 6.5, which is the reason for this difference may be due to differences in the severity and the site of the injury into the spinal cord because the severity of the photochemical injury used in the study by Verdu and Garcia-Alias is much more mild than that of the contusion injury in our study. On the other hand, in a study by Fouad et al (2005) after complete injury of adult rat spinal cord at T7-9, the mean motor score of the injury without the intervention group was reported 2.1 showing lower motor recovery in comparison with the case group of our study (23) . That may be due to the more severe injury (complete cessation of the spinal cord) in this study. Richter et al (2005) in their study on spinal cord injury of posterior funiculus scratch type reported a limited regeneration in the injury without intervention group due to weak internal capacity of neurons for reconstruction or resulting from angiogenesis (20) . Mothe and Tator (2005) stated that type of cells stimulated in response to injury is different depending on the model of injury. In the transection model of the spinal cord responses of stem/progenitor cells are locally limited to the area of the injury, while in contusion and compression models the responses of these cells are systemic mitotic responses that can be seen throughout the rostrocaudal part of spinal cord, the broader response is probably because larger areas of spinal cord tissue are affected in the area of the injury. It was recently shown that some stem cells and progenitor cells present in ependymal canal may be called and recover damage with increased proliferation (9) . However, the cell proliferation may not always lead to the restoration of spinal cord function and sometimes only fills the cavity (7) . Therefore, according to the results it appears that the relative functional recovery observed in this study is due to calling of stem and progenitor cells at the site of the injury, poor regeneration of neurons at the site, angiogenesis, even reorganization of intact circuits and plasticity change.
Conclusion
Due to time-dependent increase in BBB score of rats with spinal cord injury it seems that the animals also have a relative functional recovery with no therapeutic interventions. However, in order to determine the maximum level of recovery, duration of the study is the need to be increased.
